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derlying aneurysmal formation may be also in-
volved in the recanalization phenomenon , a
possible new manifestation of the fragility of the
arterial wall.

Introduction

Subarachnoid haemorrhage (SAH) is the
most common presentation of intracranial
aneurysms and counts for a high overall mor-
tality rate (about 40 to 50%) 1. Due to the po-
tential gravity, prompt medical intervention is
the cornerstone of treatment to avoid the risk
of re-bleeding from ruptured aneurysms and
prevention of bleeding from unruptured ones.

Surgical intervention is the accepted treat-
ment for many teams. However, some patients
may be surgically inoperable, so since the eight-
ies many techniques have been presented to al-
low endovascular access to this vasculopathy 2-6.
The technical development and expertise of
many groups have made endovascular treat-
ment (EVT) a feasible worthwhile option,
mainly considering embolization by means of
an electrical 4,7,8 or mechanical coil detachment
system 9,10.

The choice of either surgical or EVT treat-
ment is still debated and controversial. The pre-
sent  study analyses our experience in patients
with multiple aneurysms ( MA), accessing the
role of the EVT.

Summary

We evaluate endovascular treatment (EVT) as
an option to deal with multiple intracranial
aneurysms(MA). From 1994 to 2001, 24 patients
underwent EVT for 59 MA. Patients were fol-
lowed-up clinically and angiographically in a
period ranging from 6 to 93 months (mean time
of 22.2) and  from 4 to 69 months (mean time of
19.3), respectively.

Ten patients (41.6%) were treated either by
EVT (n=7, 29,16%) or by mixed treatment
(EVT and surgery; n=3, 12.5%). Reasons for
treating just ruptured aneurysms: six (25%) had
aneurysms smaller than 5 mm; three (12.5%)
deaths; two (8.33%) were in the subacute peri-
od; two (8.33%) lost to follow-up; one (4.17%)
authorised no procedure. No rebleeding was de-
tected at the clinical follow-up, but there were
five deaths. At immediate arteriographic control:
28 (85%) aneurysms were fully occluded, four
(12%) with neck flow and one (03%) with sac
flow. For 20 aneurysms followed-up: stability of
occlusion was reached in seven cases (35%) and
repermeabilization in 13 (65%). Management of
recanalization was close arteriography in seven
(54%), re-embolization in five (38%) and
surgery in one (08%).

When treating MA, EVT is advisable either
alone or in mixed therapy. As a high degree of
repermeabilization was disclosed, strict arterio-
graphic control is required. The mechanisms un-
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Material and Methods

Patient population

Between February 1994 and July of 2001, 24
patients were admitted to our service with MA
(59 aneurysms). Patients’ ages ranged from 31
to 79 years (mean age 45.7). There were 13
women and 11 men.

Clinical presentation was SAH in  all of
them, whose clinical status was assessed by
Hunt and Hess scale (HH) 11: grade 1 in three
patients (12.5%), grade 2 in six (25%), grade 3
in 11 (46%), grade 4 in one (4%) and grade 5 in
three (12.5%). Quantification of the blood in

the initial computed tomography (CT) scan
was made by Fisher scale 12 and presented the
following results: one patient (04%) in grade I,
nine (37%) in grade II, six (25%) in grade III
and eight (33%) in grade 4.

Aneurysms characteristics

Association: 18 out of 24 patients presented
two aneurysms, which represents 75% of the
cases; three patients (12%) had three
aneurysms, one patient (4%) had four
aneurysms and two patients (9%) had five
aneurysms (table 1).

Number of aneurysms N° of patients %

2 18 75

Anterior communicating artery and internal carotid artery 3 12.5
(2 at the supraclinoid and 1 at the juxtasellar segments)
Mirror aneurysms of middle cerebral artery 3 12.5
Mirror aneurysms of internal carotid artery supraclinoid segment 2 8.33
Middle cerebral artery 2 8.33
and internal carotid artery supraclinoid segment
Postero-inferior cerebellar artery and internal carotid artery 2 8.33
(supraclinoid segment)
Anterior communicating artery and middle cerebral artery 2 8.33
Anterior communicating artery and middle cerebral artery 2 8.33
Anterior cerebral artery and middle cerebral artery 1 4.16
At the same supraclinoid segment of internal carotid artery 1 4.16
At the same middle cerebral artery 1 4.16
Supraclinoid segment of internal carotid artery and Basilar artery 1 4.16

3 3 12.5

Anterior communicating artery and middle cerebral artery 1 4.16
Postero-inferior cerebellar artery, supraclinoid segment 1 4.16
of internal carotid artery and middle cerebral artery
At the same supraclinoid segment of the internal carotid artery 1 4.16

4 2 8.33

Mirror aneurysms of middle cerebral artery 1 4.16
Juxtasellar segment of the internal carotid artery,
anterior communicating artery, anterior cerebral artery
and middle cerebral artery 1 4.16

5 1 4.16

Mirror aneurysms of middle cerebral artery 1 4.16
and anterior cerebral artery

Table 1 Number and association of aneurysms per patient
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ed rotation system and selective road mapping
to allow satisfactory analysis of aneurysm and
the parent vessels. In some cases a biplane view
was used by a supplementary acquisition with
BV 29 (Philips Medical System, The Neder-
lands). Recently, we acquired an Integris 3D-
RA workstation (Philips Medical System, The
Nederlands), which has given additional more
precise information on the angioarchitecture
provided by a three-dimensional reconstruc-
tion.

The microcatheter (Marco 10 or 18, Balt,
France) (Prowler 10 or 14 Cordis Endovascular
System, USA) was gently advanced into the
bulk of the aneurysm, using a 0.12 micro-
guidewire (Terumo, Belgium) with 45° or 90°
tip angulation.

In some cases, a gentle curve was steam-
shaped at the tip of the microcatheter accord-
ing to the angulation of both the parent vessels
and the collar of the aneurysm.

Management: Patients with MA in our ser-
vice were treated by means of one intervention
per aneurysm, reserving the first procedure for
the symptomatic aneurysm. However, in one

Material N° of patients %

MDS 12 42

DCS 7 38

GDC 2 8

MDS/DCS 2 8

MDS/GDC 1 4

Table 2  Coils employed

Occlusion rate

Full occlusion Neck flow Sac flow

After embolization (n=33) 28 (85%) 04 (12%) 01 (03%)

At follow-up 1 (n=20) 07 (35%) 03 (15%) 10 (50%)

After re-embolization (n=05) 04 (80%) 01 (20%) 0

Final angiographic result 2 11 (60%) 03 (17%) 04 (22%)
within 19 months (n=18)

Obs: 1 Arteriographic control was not performed due to patient’s death (04), recent procedure (03)
and lost to follow-up (06).

2 One patient died during a second embolization and another made a neurosurgical option.

Table 3  Occlusion rate after embolization and at follow-up

Localisation: The distribution of the
aneurysms was as follows: middle cerebral
artery 26 (44%), supraclinoid segment of the
internal carotid artery 17 (29%), anterior cere-
bral artery ten (17%), postero-inferior cerebel-
lar artery three (5%), juxtasellar (intracav-
ernous) segment of internal carotid artery two
(3%) and basilar artery one (2%).

Of the 59 aneurysms, 55 were located in the
carotid system (93%) and four in the verte-
brobasilar system (7%). None of them were in
distal arteries.

Size: The size of the aneurysmal dilatation
ranged from 2 mm to 23 mm and was estimated
smaller than 5 mm in 27 (46%), 5 to 10 mm in
25 (42%), 10 to 20 mm in six (10%) and more
than 20 mm in one patient (2%).

Endovascular treatment

Procedure: All the procedures were per-
formed under general anesthesia and full sys-
temic heparinization to activated clotting time
were kept around twice the base value (Hence,
intravenous bolus of 50 mg of Heparin, then 1
to 2 mg/kg/hour intra-venous). All cases were
infused by Nimodipine (Nimotop, Bayer, Sens,
France) at a rate of 0.03 mg/kg/hour, as part of
the treatment for SAH.

Through a 6F introducer by femoral route
(Terumo, Belgium), a 5 or 6F guiding catheter
(Cas. Balt, France), or Envoy (Cordis Endovas-
cular System, USA) was gently pushed selec-
tively into the carotid or vertebral artery.

All the procedures were analyzed using the
Integris V3000 System (Philips Medical Sys-
tem, The Netherlands) with both fast subtract-
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patient we performed embolization of two
aneurysms in the same time, due to the fast
treatment of the first and ready accessibility of
the other.

Coil systems: For aneurysmal occlusion, we
used detachable coil systems for all patients. In
19 patients (80%), we used mechanical sys-
tems: 12 mechanically detachable systems from
Balt (MDS®, 42%) and seven detachable coil
systems from Cook (DCS® 38%). In two, the
electrical system with Guglielmi detachable
system from Target (GDC® 8%). In three pa-
tients (12%), we used two systems: two patients
(8%) MDS and DCS; another one (4%) MDS
and GDC (table 2).

Follow-up

The clinical follow-up was performed in a
period ranging from six to 93 months (mean
time of 22.2).

In addition, we performed angiography in a
period ranging from four to 69 months (mean
time of 19.3 months).

Occlusion rate

The evaluation of the embolization was as-
sessed immediately and by angiographic fol-
low-up and was classified as follows: a) full oc-
clusion: total packing, no contrast visible at the
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neck or inside the sac; b) partial occlusion with
neck flow: partial packing, contrast visible in
the neck but not inside the sac; c) partial occlu-
sion with sac flow: partial packing, contrast vis-
ible in the neck as well as inside the sac. Reper-
meabilization was considered when an involu-
tion at the degree of occlusion was detected at
follow-up.

Results

Endovascular treatment

Feasibility: 33 out of the 59 aneurysms diag-
nosed were treated by EVT, however 26
aneurysms (44%) were not submitted to EVT
due to: surgical option in nine cases (35% not
embolized), small size in four cases (15%),
death of four patients (15%), four cases (15%)
in the period of recovery from SAH, large neck
in three cases (12%), one lost to follow-up
(4%) and another (4%) refused to authorise
treatment. All ruptured aneurysms were treat-
ed by EVT. One patient during a second proce-
dure had a technical complication, resulting in

sac perforation with re-bleeding and death
(graph 1).

Efficacy: For the 33 aneurysms treated, at the
end of the procedure we have obtained: 28
(85%) full occlusion, four (12%) partial occlu-
sion with neck flow and one (03%) partial oc-
clusion with sac flow (table 3, graph 1).

Follow-up

Clinical results (table 4): The clinical follow-
up detected no rebleeding and a mortality rate
of 20.83% (five patients). All patients but one
died as a result of the disease itself and its com-
plications. The overall outcome was a direct re-
sult of clinical status at admission.

Angiographic results (graph 1, tables 4,5): In
a mean angiographic follow-up of 19 months,
20 aneurysms were re-evaluated, the stability of
the full occlusion was achieved in seven
aneurysms (35%). However, 13 (65%)
aneurysms presented repermeabilization: three
(15%) had neck flow disclosed and ten sac flow
(50%). The option for repermeabilization was
close arteriographic control to detect any

Figure 1 Embolization of  two aneurysms of the supraclinoid segment of left (A) and right  internal carotid artery during dif-
ferent procedures (B). For both we used DCS, firstly choosing J-shaped coils for internal remodelling (C,D) and then we had
put inside this cage spiral-shaped ones intending to have a dense packing (E,F).
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Graph 1  General vision of the population studied
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Figure 2 Embolization of  an aneurysm at A1-A2 segment of  left anterior cerebral artery (A) and another at the trifurca-
tion of the left middle cerebral artery during the same session (B), using DCS spiral shaped coils (C,D).
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change in the degree of repermeabilization and
shape / size of aneurysms in seven out of 13
(54%), EVT in five (38%) and surgery in one
(8%) (table 5). Consequently, the final angio-
graphic result of embolized and controlled
aneurysms in our series is: 11 aneurysms (60%)
were fully occluded, three aneurysms (17%)
were partially occluded with neck flow and
four aneurysms (22%) were partially occluded
with sac flow. In one patient (5%), an asympto-

matic occlusion of the parent vessel was detect-
ed. In two (8%) patients, three “de novo”
aneurysmal formations were detected (5% of
all aneurysms diagnosed).

Discussion

It is necessary to treat patients with ruptured
aneurysms presenting with SAH efficiently to
prevent the risk of rebleeding, because the
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morbidity and mortality of neurosurgical or en-
dovascular treatment are lower than the risk of
rebleeding: 4.1% and 1.0% for surgery 13 and
3.6% and 0.0% for EVT 7, respectively . How-
ever, some special difficulties may be faced
when dealing with MA, whose frequency can
range from 5% to 30% 14-18: in our data 10% of
cases.

Firstly, it is crucial to define and diagnose
which aneurysm was responsible for SAH. For
this purpose the current practice accepts the
Nehls’ algorithm 19 as a reasonable and satisfac-
tory method for prediction of the ruptured site,
in which the analysis of clot distribution at CT
and angiographic findings (size/ shape of
aneurysms and vasospasm distribution) are the
key points for diagnosis. By this means, they
were able to identify the site of rupture in 98%
of patients. Another study 20 claimed 95%, but
the main cause of misjudgement was improper
diagnosis of a hidden aneurysm missed in the
initial radiological study.

Based on this rule, we assumed to find out
the aneurysm to be treated in all cases but one,
in which a diffuse SAH was detected and one
aneurysm in the internal cerebral artery and
the other in the middle cerebral artery with the
same size / shape and no vasospasm. The for-
mer underwent EVT and the latter surgery, be-
cause there were many branches related to the
neck.

As no re-bleeding was detected in our study,
the EVT for MA proved to protect the risk of
rebleeding, which alone counts for the main
reason of mortality in the acute phase and the
main danger in long term follow-up. Although
much controversy surrounds the intensity of
the packing 7,21, we did not notice any relation of
this with the protective measure reached for
EVT. Regardless of these opinions, a dense
packing was sought in all cases.

Additionally, once the problem of the acute
phase is solved, there remains the decision to
treat the unruptured aneurysm or not. This
question is one of the controversies in aneurys-
mal disease and is why many studies have al-
ready been carried out to give some specific pa-
rameters to define which aneurysms should be
treated.

In a study on the natural history of unrup-
tured aneurysms, Juvela et Al 1 described an av-
erage annual rate of rupture of 1.4%, the cu-
mulative rate of rupture of 10% at ten years af-

ter diagnosis, 26% at 20 years and 32% at 30
years. Wiebers et Al 22, after a multivariate dis-
criminate analysis of several independent vari-
ables of incidence of rupture, described an
aneurysmal sac size larger than 10 mm as the
only significant variable.

Conversely, other articles 1,23 have shown that
sometimes the diameter of the ruptured
aneurysm can be smaller than 10 mm, despite
the very low probability of bleeding. Others
have described the growth in aneurysmal sac as
a specific risk for rupture irrespective of the
initial size 1,23-25.

In the case of MA, Heiskanen 14 followed a
group of 61 patients with proved SAH and at
least two aneurysms, in whom just the ruptured
lesion was surgically treated. After ten years he
found a risk of hemorrhage of 11.5% (7 cases)
and 21.3% up to twenty years, with fatal bleed-
ings of 6.6% and 8.1%, respectively. However,
no mention of aneurysmal size was made, not
even aneurysmal growth.

Although it was controversial for many
years, and treatment of unruptured aneurysms
was not recommended in the case of MA 15, it
has been the trend to recommend either
surgery 14-18 or EVT for all aneurysms 8,26,27.

In our institution, the management of rup-
tured and unruptered aneurysms is always in a
multidisciplinary decision involving neurosur-
gical and neuroradiological teams. Even though
it is advocated that surgery is the first and de-
finitive treatment for aneurysms, we have been
offering EVT as the first therapy, when there is
a detailed analysis of the angioarchitecture,
morphology of aneurysmal dilatation and no
need for surgical evacuation of an hematome.
We are experiencing good results for protec-
tion against re-bleeding 9,10, as are many other
teams 7,8,21, to support this choice.

In the special case of MA, our strategy was
to treat the ruptured aneurysm in the acute
phase, unless some doubt on the topography is
present or if the treatment of the symptomatic
lesion was done in such a rapid way as to allow
intervention in the unruptured aneurysm, only
when its endovascular access and treatment
seem easy. If EVT failed during the emergency
setting, it was followed by a surgical approach.

Based on the already described works, we
have defined a policy to treat all unruptured
aneurysms, mainly because MA seems to result
in a higher risk of SAH. In the vast majority of
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cases, the therapeutic choice was EVT, but in
some we performed regular angiographic con-
trol and if modification of shape and size was
detected during follow-up, either surgery or
EVT was proposed. To sum up the final result
of the 24 patients, ten patients (41.6%) had all

aneurysms treated: seven (29.16%) by EVT
and three (12.5%) by mixed treatment (surgery
+ EVT). For the 14 treated just for the rup-
tured aneurysm (58.33%): six (25%, three of
which had a large neck) had aneurysms smaller
than 5 mm with stable shape and size during

Figure 3 A case of full repermeabilization of mirror aneurysms of middle cerebral artery (A,B), whose therapeuthic option
was EVT in different sessions (C,D).
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regular angiographic control; three (12.5%)
died in the acute period; two (8.33%) had the
ruptured aneurysm recently treated; two
(8.33%) were lost to follow-up; one (4.17%)
patient after being embolized once and operat-
ed for “de novo” aneurysmal formation three
times refused to continue.

In six (85%) out of the seven patients treat-
ed by EVT for all aneurysms, the unruptured
aneurysm was the object of a different session
(figure 1). Just one case (15%) was treated at
the same time (figure 2). One of three patients
treated by mixed option had both aneurysms
managed in the acute period. We advocate,
however, when indicated, that other aneurysms
be treated as soon as the clinical condition of
the patient has stabilised.

The angiographic follow-up disclosed a high

rate of repermeabilization in MA, mainly when
partial occlusion was encountered, supporting
the already known aim of a complete aneurys-
mal occlusion in the first embolization, when-
ever possible. Additionally, we should mention
a clear tendency towards recanalization, be-
sides the full occlusion obtained.

When repermeabilization was seen, the same
principles already discussed for treating rup-
tured and unruptured aneurysms were used. As
a result, we chose a close arteriographic follow-
up for repermeabilized aneurysms, in which the
remnant sac was small in such a morphology
that EVT was not allowed. When no alteration
of the aneurysm was detected in either size or
shape, the patients were kept in the follow-up
choice. The repermeabilized aneurysms that
did not fulfil these criteria or whose follow-up
showed modification of size or shape were ad-
dressed either to EVT or to surgery after de-
tailed multidisciplinary discussion.

Regarding this strategy, from the 13 reper-
meabilized aneurysms (65% of all emboliza-
tions) (table 5), seven were maintained in the
follow-up and six underwent a new interven-
tion, by means of an endovascular route in five
patients (figure 3) and neurosurgery in one. As
no rebleeding was detected, this seems a safe
policy for repermeabilization.

The high incidence of repermeabilization in
this article raised the question of whether this
tendency was a consequence of the natural
fragility of the parietal wall, which was respon-
sible for the origin of the MA.

Lasjaunias 28,29 described the concept of vas-
cular phenotypic vulnerability and of aneurys-
mal vasculopathies. The former presents the
susceptibility of a vascular segment as an even-
tual hypothesis for some arterial diseases and
the latter presents the differences among
aneurysmal diseases. Based on this, multiple
aneurysms could be either a phenotype of a ge-
netic disorder accompanied sometimes by oth-
er systemic manifestations, as in other connec-
tive tissue disorders 30, sickling disorders 31, poly-
cystic kidney disease 32, or an acquired disease
after exposure to some risk factors as described
for smoking, hypertension and female sex 33-35.

Whatever the facts may be, many teams have
already been working on the mechanisms of
the physiopathology for aneurysmal formation
and rupture. After studies with experimental
models 36 or in human beings 37-40, some have

Number of patients (%)

Asymptomatic 131 (54)
(no re-bleeding)
Death 1 05 (21)
Lost to follow-up 06 (25)

Obs: 1 All deaths were related to the gravity of SAH
and clinical complications, but one re-bleeding

occurred due to perforation of the aneurysmal sac
with death complication.

Table 4  Clinical follow-up after embolization

Angiographic State Number
at Follow-up of aneurysms (%)

Overall view (n=13)
EVT 05 (38)
Surgery 01 (8)
Angiographic follow-up 07 (54)
Neck flow (n=03)
EVT 0
Surgery 0
Angiographic follow-up 03 (100)
Sac flow (n=10)
EVT 05 (50)
Surgery 01 (10)
Angiographic follow-up 04 (40)

Table 5  Therapeutic option for repermeabilization consid-
ering the angiographic state at follow-up
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proposed that a defect in the structure of the
extracellular matrix at the level of production
or overdestruction, or even in the matrix re-
modelling after tissue injury, could explain
aneurysmal formation and rupture. The prob-
lem could be the result of an impaired produc-
tion of proteins involved in this process, due to
an inherited gene or as a result of action of en-
vironmental factors. In some cases, defects in-
volving collagen type III 39 and alpha1 antit-
rypsin deficiency were detected 38,39.

In the same way, there is already convincing
evidence of a genetic component for intracra-
nial aneurysms, and a considerable number of
studies have analysed the role of the following
genes, among others, in the predisposition for
aneurysmal development: promoter of metallo-
proteinase-9 (MMP9) 37, collagen production
(COL3A1, COL1A,COL1A2, etc.) 41, elastin
production 41, extracellular matrix turnover
(TIMP-3, OSF-2) 41.

On the other hand, some teams have pro-
posed apopotosis 42,43, a special phenotype of
smooth muscle cells in the arterial walls 44 and
nitric oxide 45 as key requirements for aneurys-
mal formation and growth.

With reference to these considerations, a
similar process may account for the loss of
elastibility and weakness of the arterial wall,
leading to a predisposition for aneurysmal for-
mation, aneurysmal regrowth and “de novo”
aneurysmal formation after embolization in the
presented data.

Despite our observation, more detailed stud-
ies are required focusing on the follow-up and
histological aspects of MA and also single
aneurysms, to evaluate this hypothesis and per-

haps to disclose another phenotype of this pe-
culiar aneurysmal disease. In spite of this, a
larger study is warranted to understand the
physiopathology of single and multiple
aneurysms, and to find clues to the challenge of
dealing with MA.

Conclusions

EVT is a reliable option to deal with MA,
mainly due to the low-risk and fast procedure,
allowing protection from re-bleeding which is
the main cause of morbidity and mortality
among patients with SAH. The question to
treat or not to treat unruptured aneurysms will
still arouse controversy, chiefly in MA, but a
multidisciplinary staff must be always analyse
the best choice, either therapeutic (surgery or
EVT) or radiological follow-up.

As we found a high propensity to recanaliza-
tion and in some cases new aneurysmal forma-
tion, patients with MA must be followed-up by
a regular angiography after treatment.

The possibility of a greater fragility of the ar-
terial wall of patients with multiple aneurysms
as the pathologic reason for repermeabilization
and “de novo” aneurysmal formation, should
encourage research into the exact phys-
iopathology of multiple aneurysms for future
genetic treatment or at least to disclose genetic
and phenotypic markers at extracellular matrix
or intracellular level.
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